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I. M. Kayevitser 

ABS TRACT 

Determination of pu l se  wave v e l o c i t y  is  regarded as 

a very promising method f o r  diagnosing a r t e r i o s c l e r o s i s .  

The au thor  desc r ibes  a new method f o r  c a l c u l a t i n g  pu l se  

wave v e l o c i t y  by means of a cardiograph. Resu l t s  obtained 

by t h i s  method co inc ide  with d a t a  given i n  t h e  l i t e r a t u r e .  

The determinat ion of t h e  pu l se  wave v e l o c i t y  i s  a va luable  d i agnos t i c  /142* 

method i n  an i n t e r n a l  d i s e a s e  c l i n i c .  

14 th  All-Union Congress of I n t e r n i s t s ,  A. L. Myasnikov f e l t  t h a t  t h i s  method 

In a scheduled r e p o r t  given a t  t h e  

i s  very promising f o r  diagnosing a r t e r i o s c l e r o s i s ,  and d i s t ingu i shed  i t  from 

several o t h e r  instrument research  methods. According t o  t h e  observa t ions  of 

L. K. Lakshina and Yu. T.  Pushkar ' ,  when a r t e r i o s c l e r o s i s  i s  present  t h e  

p u l s e  wave rate sha rp ly  inc reases  up t o  15-25 m/sec, as opposed t o  5.5-8 m/sec. 

N .  N.  Sav i t sk iy  has  given considerable  a t t e n t i o n  t o  the  pu l se  wave 

v e l o c i t y ,  assuming t h a t  " the  change i n  t h e  pu l se  wave propagation v e l o c i t y  is  

one of t h e  most r e l i a b l e  i n d i c e s  of t h e  v i s c o e l a s t i c  condi t ion  of t h e  vascu la r  

w a l l s  and makes i t  p o s s i b l e  t o  cha rac t e r i ze  i n  q u a n t i t a t i v e  terms t h e  e las t ic  

* 
Kate: Embers  i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  original f o r s i g n  

t e x t .  



stress of a vessel, and of t he  vascular  w a l l s  w i t h  s u f f i c i e n t  accuracy". 

A knowledge of t h e  p u l s e  wave ve loc i ty  i s  necessary f o r  determining t h e  car- 

d i a c  output  i n  phys i ca l  methods, and f o r  c l a r i f y i n g  several o t h e r  important 

i nd ices  regarding t h e  f u n c t i o n a l  s t a t e  of t h e  c i r c u l a t o r y  system. These have 

been d iscussed  i n  d e t a i l  i n  t h e  r ecen t ly  publ ished monograph by N. N. Sav i t sk iy .  

T. Brungsch be l i eves  t h a t  a determinat ion of t h e  p u l s e  wave v e l o c i t y  can 

f a c i l i t a t e  a s tudy of several cardiology problems , p a r t i c u l a r l y  t h e  problems 

of co l l apse  and a r t e r i o s c l e r o s i s ;  he r e f e r s  t o  t h e  d a t a  of Duesberg, and 

Shreder contained i n  t h e  s tudy by 0. Frank, Wezler ,  and Boger. However, f o r  

t e c h n i c a l  reasons t h i s  r e sea rch  method has  no t  y e t  found proper  a p p l i c a t i o n  i n  

c l i n i c a l  p r a c t i c e ,  and has  not  l e f t  t h e  confines  of s c i e n t i f i c  research  labora-  

t o r i e s ,  both i n  t h e  Sovie t  Union and abroad. I n  p a r t i c u l a r ,  Brungsch - whi le  

assuming t h a t  a de te rmina t ion  of the  pu l se  wave v e l o c i t y  i s  very va luab le  - 
no tes  wi th  r e g r e t  t h a t  t h i s  method cannot be  appl ied  ex tens ive ly  i n  c l i n i c a l  

p r a c t i c e ,  because i t  requ i r e s  a very c a r e f u l  technique which can be  achieved 

only i n  a well-equipped s c i e n t i f i c  research labora tory .  

The p r i n c i p l e s  underlying t h e  determinat ion of t h e  pu l se  wave v e l o c i t y  

are very  w e l l  known. They are based on u t i l i z a t i o n  of two s e n s i t i v e  I 1 4 3  

sphygmographs which record  a sphygmogram simultaneously from two arteries 

l o c a t e d  a t  d i f f e r e n t  d i s t a n c e s  from t h e  h e a r t .  By determining t h e  de lay  t i m e  

of a p u l s e  wave a t  a s e c t i o n  of t h e  a r t e r y  which i s  f a r t h e r  from t h e  h e a r t  (At) ,  

and the d i f f e r e n c e  i n  t h e  length  of t h e  a r t e r y  (l), one can f i n d  t h e  p u l s e  wave 

v e l o c i t y  i n  meters p e r  second according t o  t h e  formula: C (pu lse  wave v e l o c i t y )  

N.  N .  Savi t sk iy .  Some Methods o f  Studying and Funct iona l ly  Evaluat ing 
t h e  C i rcu la to ry  System (Nekotoryye metody i ss ledovaniya  i funkts iona l 'noy  
o t s e n k i  s is temy krovoobrashcheniya). Medgiz, p. 80, 1956. 
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. 
- -  - I Thus, t h e  de te rmina t ion  of the magnitude (t ime) of a p e r i p h e r a l  A t  

pu l se  delay i s  a b a s i c  f a c t o r  i n  ca l cu la t ing  t h e  pu l se  wave v e l o c i t y .  

Severa l  f a c t o r s  are involved i n  an app l i cab le  method. 

1. A s p e c i a l ,  very s e n s i t i v e  apparatus  i s  r e q u i s i t e ;  t h i s  apparatus  

must s imultaneously record two sphygmograms on one tape .  

2. I n  order  t o  determine t h e  pulse  de lay ,  i t  is  necessary  t o  know t h e  

concurrent  po in ts"  of t h e  sphygmograms. This  is d i f f i c u l t ,  because t h e  1 1  

sphygmograms which record from d i f f e r e n t  arteries d i f f e r  i n  form. Meiners, 

who made a s p e c i a l  s tudy of t h i s  problem, be l i eves  t h a t  t h e  determinat ion of 

t h e  t r u l y  "concurrent points"  r ep resen t s  t h e  main d i f f i c u l t y  of t h i s  method. 

3.  The recording method of t he  sphygmograms, and t h e  t e c h n i c a l  construc- 

t i o n  i t s e l f  of t h e  sphygmograph employed - which, i n  t h e  opinion of Meiners,  

c o n t r i b u t e s  t o  d i f f e r e n t  au thors  obta in ing  comparable r e s u l t s  - i n f luence  t h e  

method t o  a s i g n i f i c a n t  e x t e n t .  

For p r a c t i c a l  purposes,  w e  employed another  method f o r  determining t h e  

magnitude ( t i m e )  of t h e  p u l s e  wave delay.  The electrocardiogram and t h e  

mechanical o s c i l l a t i o n  - sphygmogram (by means of a piezoprobe) - are simul- 

taneous ly  recorded on a s i n g l e  channel EW-4 e lec t rocard iograph .  

pose,  t h e  piezoprobe, which w a s  cons t ruc ted  a t  our  i n s t i t u t i o n  by engineer  

N. G. Yakovlev, is  placed on t h e  a r t e r y  t o  be s t u d i e d ,  and i s  connected t o  

t h e  e l ec t roca rd iog raph  c i r c u i t  i n  s e r i e s  wi th  e l ec t rodes  which are fas tened  

t o  t h e  ex t remet ies ,  s i n c e  t h i s  is  done during electrocardiogram recordings 

wi th  s t anda rd  leads .  

For t h i s  pur- 

During t h e  "superposi t ion" of t h e  sphygmogram on t h e  electrocardiogram, 

t h e r e  is  always a clsar ly-expressed peak I? sf t h e  electrocardiogram and a 

peak of t h e  piezograph recording of t h e  pu l se  o s c i l l a t i o n  (we have used t h e  
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l e t te r  A t o  cond i t iona l ly  des igna te  t h a t  of t h e  anacrote). The distance between 

t h e s e  peaks ( t h e  i n t e r v a l  RA) i s  determined according t o  t h e  t i m e  marking 

(one d i v i s i o n  equals  0.05 seconds i n  t h e  E K P - 4 ) .  

By thus  recording t h e  combined electrocardio-sphygmograms from arteries 

loca ted  a t  d i f f e r e n t  d i s t ances  from t h e  h e a r t  ( t h e  c a r o t i d ,  t h e  femoral,  t h e  

r a d i a l ,  e tc . ) ,  w e  can o b t a i n  a recording wi th  a d i f f e r e n t  du ra t ion  of t h e  RA 

i n t e r v a l :  The f a r t h e r  t h e  a r t e r y  i s  from t h e  h e a r t  on which t h e  piezoprobe 

is  p laced ,  t h e  longer  t h e  RA interval. The peak R,  from which t h e  measure- 

ment begins ,  i s  a cons tan t  s t a r t i n g  p o i n t ,  which provides  a redundent simul- 

taneous recording of t h e  two sphygmograms. A sharp  r ise i n  t h e  R and A 

peaks f a c i l i t a t e s  t h e  determinat ion of t he  "concurrent po in ts"  ( t h e  apexes 

of t h e  peaks o r  

cordings t o  be compared. The de lay  t i m e  of t h e  p u l s e  rate A t  is  determined 

by s u b t r a c t i n g  t h e  RA i n t e r v a l s  on the  recordings from d i f f e r e n t  arteries. 

t h e  p o i n t  a t  which t h e  curves begin t o  r i s e )  on t h e  re- 

Example 

RA on t h e  d o r s a l  a r t e r y  of t h e  f o o t  equals  0.37 seconds.  

RA on t h e  r a d i a l  a r t e r y  equals  0.23 seconds. 

A t  = 0.37-0.23 = 0.14 seconds. 

The p u l s e  wave v e l o c i t y  can be f u r t h e r  ca l cu la t ed  by t h e  normal method: 

The d i s t a n c e  from t h e  c a v i t y  of t h e  breastbone up t o  t h e  d o r s a l  a r t e r y  of t h e  

f o o t  ( i n  t h e  example given by us) i s  159 cm; t h e  d i s t a n c e  t o  t h e  r a d i a l  a r t e r y  

a t  t h e  p l a c e  where t h e  recorder  i s  loca ted  i s  7 1  cm. 

1 = 159-71 = 88 cm. 

The pu l se  wave v e l o c i t y  = 88 cm: 0.14 sec = 6.3 m/sec. 

The r e s u l t s  obtained by t h e  method w e  have descr ibed  co inc ide  wi th  t h e  /144  

4 



NASA TTF-10, 0 6 4  

average d a t a  given i n  t h e  l i t e r a t u r e .  

For pu re ly  p r a c t i c a l  purposes,  it would b e  advantageous t o  employ t h e  

index RAY obta ined  by d iv id ing  t h e  a r t e r y  l eng th  by t h e  i n t e r v a l  RAY i n s t e a d  

of t h e  p u l s e  wave v e l o c i t y .  This considerably s i m p l i f i e s  t h e  method ( t h e  

record ing  is  made from only one a r t e r y  when t h e  sphygmogram peak is  superposed 

on t h e  e lec t rocard iogram) ,  and provides an i d e a  of t h e  e l a s t i c  p r o p e r t i e s  of 

t h e  v a s c u l a r  w a l l .  A c a l c u l a t i o n  of t h e  RA index would be  u s e f u l  f o r  making 

comparisons on symmetrical arteries ( f o r  example, a t  t h e  lower e x t r e m i t i e s  

when they  are s e l e c t i v e l y  i n j u r e d ,  and i n  several o t h e r  cases). 

The method w e  have proposed f o r  c a l c u l a t i n g  t h e  p u l s e  wave v e l o c i t y  i s  

s i m p l e  f o r  p r a c t i c a l  purposes,  and can b e  performed i n  any c l i n i c  which has  

an e l ec t roca rd iog raph  a v a i l a b l e .  T h i s  makes i t  p o s s i b l e  t o  employ i t  i n  d,aily 

c l i n i c a l  p r a c t i c e ,  thus  expanding t h e  d i a g n o s t i c  p o s s i b i l i t i e s  i n  s e v e r a l  

d i s e a s e s  of t h e  card iovascular  system. 
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